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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the temperature 
dependency of the leakage current of the capacitor of a 
semiconductor device which has a MIM structure, and 
further, to improve the reliability of the semiconductor 
device. 

SOLUTION: In the manufacturing method of the 
semiconductor device, the film of a barrier insulation 
layer 6 is so formed by an atomic-layer chemical vapor- 
phase epitaxy method as to be deposited on a lower 
electrode 5 of its capacitor and on its interlayer 
insulation film 3, and a high-dielectric-constant film 7 is 
so deposited on the barrier insulation layer 6 as to form 
a capacitor insulation film 8. Also, a barrier insulation 
layer is further formed on the high- dielectric-constant 
film. In this way, an upper electrode 9 covering the c ^ 
capacitor insulation film 8 is so provided as to 
manufacture its capacitor having a MIM structure. 
Hereupon, the flow of the electrons in the film of the 
barrier insulation layer 6 is subjected to a Fowler- 
Nbrdheim(F-N) tunnel-current mechanism or a direct tunnel-current mechanism. 
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IB* S*fei»RteSg l coff tt#R ^S2 oftm^^coSii 

IEH 1 ^WttfWBS + oa-T-oSitiX^ Fowler No 
rdheim(F-N) h^«HI«*S^ttM 

[16**1 2 ] lWfiajRl ^WKttRttTA^^R-tffcS 

[»*ig4] miBAJRIfe^fllUT a 2 Os JR. ZrO 
2l, Hf0 2 i, SrTi0 3 l, (Ba, Sr) T 
i0 3 R*>3lM*Pb (Zr, Ti) O^mX-faZ^t 

A*fll^««LJH^JBft#«ffirt« (ALCVD) Jfe-C 

[»#*■ 6 ] mummt&mmnn i <7>r«#r& % z 

(ALCVD) »-Ct>oT«Ha*10lS«flcjRS:mfBT 

[M*9[7 ] mitam i r/u^ -j-R-cfc 

[»#*I8] miSAJUBIftlJIttT a 2 0 5 JK. ZrO 
2 R, H f 0 2 JR. S r T i O3 a (B a , S r ) T 

1 O3 JH*>5lM*P b (Zr, Ti) O3 mXfoZ>Z.£ 

t-tZ 7 Bttft) jMtftga. 

9 ] miaff 1 <z>R^#R&»ii * * 5 igc 
*s^T, h y ^^vi-Tyi^ — (tma) tWtitffx 
£ *BLi&#x £ LfcjJK^Jlft****** (ALCVD) 
et'7;^;tMMt5r *»«k -TSItsJWH 6 , 

M3)t« 7 * fctttt** 8 |B«(75*^^gC0Siit^ o 
[»*«10] fflC81d6tftRttT a 2 O5 R. Zr 

0 2 R, H f 0 2 R, S r T i O3 R, (B a , S r ) 
Ti0 3 BtfcliPb (Zr, Ti) O3 f&Xfo&^t 

Iff 1 1 ] fflBAARttARKftrifefe Si'ttftM 

8=. 
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2] ffilE4JBttft:4fe, AJH»k»tt:. Ru 
G> 2 > I r 0 2 , T i N, T a N fcS^I^WNtfc^ C 

[0001] 

/<? [0 0 0 2] 
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m<Dffi/Mt&&m£t£^X\<^Z tt L2>>U 

-&£k±<Dm±mti*&m£$tiz>* ^^x\ *c*'*-y* 
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»£2S3d«0 . 1 0 w mgSi:^5*i|#f/^^l^v^ 

[0 0 0 6] -t It, ^ifir*^, Z-<D*? *y?M&<0*c 
(£XT, yJrW<n**rs*i/?£v£W-tZ>) 
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£LT, mMitflsffr (T a 2 O5 ) R. SrTiO 
3 (SIT, STOi^^J) . (Ba, Sr) T i O3 
(J£jLT\ BSTI^^) . Pb (Zr, Ti) O3 

**«i-s^a?)-e*>s. i 9 9 4¥ <o-^~ 

-tils xi/^ hay ^/<-f^ ^ — 
(International Electron D 
evices Meeting) (7)^ ^ v/x^ h ^~^f 
$ ;U s<—/<— (Digest of Tec 
hnical Papers) 8 3 1~8 3 4l^/T$ 
*iTv^5J:5fc, $S*6»R{cSTOR^«ffi*ixT«5 
fiffiiC-f^f = ^A (Ru0 2 ) os»«#w»3&«a 
flsnws, ii^&^/^**i£ico^Tte, era*. 

KWBB 2 000-11448 2^ffi(C|att^ttT^ 

[0007] j^t, ui i&#SLT***<Di«8i«*R 

pjf5 0 011 (a) temmtirizx* 

SJM6»R£±*«tt*#*SftT^S. 011 (b) 
tt. 011 (a) ^|E-TX-YT-C0»r®glT-#>S o 
[0 0 0 8] J£*T, 011 (a) iill (b) t £ — 

tsiarRKtSo 011 (b) M^-ri: 9 i'^i 
^piw^D =* 1 0 i*B©Bf3e<o«*Ki*«a 

±<z>SPpO*6»Ri 0 3<z>— ft^^i 0 4^ 

t-, ratii 0 5 1 0 2 ^im^i o 4 1 
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icJimi&ftRi 0 3iicstttijii 0 6#m&$ti 

ir^^ix, §i^Iil0 6ll WitfTaz o 5 
£ 5^Ji««ai 0 7 ^^j5)c^tb6 0 eco_bSj5^ 

[0010] 

ct 5*i«R«**t**4:S?*l6»R^:-r5MI M (M e t 
al/Insulator /Me t a 1 ) Jiil?)^ 

[0011] -t<7>«*. &jR«Mfc«rc*>s, nmtfi/ 

(T a 2 O5 ) , -mt&V ^ (Z r O 

2 ) , -®{^7^() A (HfQ 2 ) . STO (S r T 
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l^ttP Z T (Pb (Zr, Ti) O3) R, £r_hlBCD^ 
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[0013] 012 -CI*, 4Micft«1&£*Jfi*HftAic 
U^coig^ (l/T) «ri:or^So ^-tt, (« 
m) 0 y - j fc^fti/TCJ: or ^s. 01 

2 M*M-J; 9 ^s:^+oi;-^m^ J/T 2 te, 1 

/T<DmMtmz\z&tk&ii.xm'j>-fz> 0 mis, 
**^tt±a««^fes*ifi»R^<o«^osiR*aic* 
sftR^coy-^as j ay^«a«<7>±ijD^*jc 

[0014] *mft^'<* x<ommc&^xn s wj^Wl 

s *flfittR ^ co y — ^ mffinmm «r»»j-r s - £ < 
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frftl, ffHE«l«75fS«#R*C9«^Oj?tiX^F ow 1 
er Nordheim(F-N) h V-^WflKStfllfc 

^m*R^ LtliryKtJg^^bixSo 
[0 0 17] COJ: 5 J^M I M«ai(7)^t^v'^l-tS 

50 ~tx\ r^^-t^^OT^^s^i^oy — 
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^2*^l£S8igT-£ 6J; 5^* So 

[0 0 2 2 ] *«K<7>^«#Sg«^«iS*Sfe 
TI3, ME«io»«#JK*|fe#$ii:5XS^^^T, 

hy^f;i^7;^^^ (TMA) ^Kfk^f^^SrSlS 
Ufc«-T-JBft*«fflrt* (ALCVD) feTTA- 

[0 0 2 3] lt, **w^**#ss«ofiiia*-i*-c 
£*x5o flfjlE&JlSMI:*. AMSftfttt, Ru0 2 , 1 

r 0 2 . TiN, T a Nfc5tWNt^6 6 

[0024] ^oj: 5 iz-tzt. T*&tt«*Bi <z>r« 

flt*>5^tt»*|fi«JBI^<D*«f4t>*«^rtJ±U, iftfa 
[0 0 2 5] ^(DX 9 M, M^bl^J: 5(7 
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5 SSfltm *W» £ S SJ&llNSitcJS PSMlMtao* 

^TO^^ICl^Ol^Sll^Fow 1 er No 
rdheim (F-N) h ^A'WSMMSfc 5 IMiiEgE 

iffiSSilfeJajKSrJH^a^^fflfiKfi (ALCVD) ifc 
[0 0 2 6 ] CG0*i#>lC, #38^^12. M I M^iicO^r 

[0 0 2 7 ] 

i 7^111 3 j*, &mm<D*<? v?m(D*-r/*-i/?<o¥>m 
mt^<nm&mT-hz> 0 mi (a) 

iiSi»MiJ:M*i:^Stirif^6. Hi 
(b) 13, mi (a) {Cfa-#-A-Bt*(7>»fffi0^A>S* 

^LT, 0 2 £E1 3 ra±1B=**A*^o— ffi<z>tfc;*0£ 
[0 0 2 8] J£*T. Hi (a) i@l (b) 

J&£#L, :/^4 iS^-ffc^^ (TiN) (D/lVrmt 

[0 0 2 9 ] f IT, JHHMIKK3*Sisj:t^T«BM 

5^®^m 1 <nmn,#mt LTis^/<y7ji«ii6^ 

«3f£*i«5o C^LT% ^CO^i; Ti(fe^jg6 £ IT, jgj^ 
^lnm-5nm07^=:tg^l/^nTl/^o C CO 
7/KtI^I$IU0S«T^6 o 
■^CDfl^te, Fowl er N o r d h b i m ( F — 

[0 0 3 0] -t LT , S2^ftli IT, Tite 

7»il6 ^^5^mmj^7 ^^^s*6)S:)e8^«j«-rs 

^^lC3^S a ::T, «RS*«7liKSl0nmi« 
WlSf^y^/l' (Ta 2 O5 ) T^So ccox^fb^ 

[0031] ^IT, ^MSSt^i: 5l-±^m@7 
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[0 0 3 2] ftid, il (b) tCL^i" 1 02fH££ 

<6o a 2 (a) i^«B 1 OSfiSrlfi^LfcSrli^fc 
15, g}2 (b) 1 lWffi*r**Ufc»rffiH"e*> 

[0 0 3 3] g 2 (a) lCaW-J;5fc, Tf5m®5±tc 

us lt^< y rfeM 6 1 mmn.&isz 1 1 tmm^r^ w 

«®B5(iRu02 ^OIC I r 0 2 1, R u 0 2 JK/ 
R ull (Ruiil:Ru0 2 IK^r*aL7tfflSK) , I 
r 0 2 JK/ I r fl^Cfc Xh\ fc&l^tt, TS5««5£L 
XT i NJR, T a N», WNg^ffl^tt) J:l/\ Etc 
J*. TiNi, T aNR««)*Blr3- f-fV^lfc 

[0 0 3 4 ] *7t, /^7teli6|j:, ^ 
F-N hy^tit*5^l4il* h^^lJHWMr* 

**->+>r h^-f k (s ion) mj;t\ rc-c, 

_L5£ L7t =t 9 4T»«* 5 t '< y T felftJI 6 <>: a>*3&«: 
^iS< ft 5 J: pfcWWsWB^fcixS. ^Lt, SS^^m 
R7i:Lttt, Ta 2 0 5 ^coftKc, ~ mt isfr =* - •> 
A (Z r o 2 ) , — Kft;^:?-* A (H f o 2 ) , ST 
O (SrTi0 3 ) BST ( (Ba, Sr) TiO 

3 ) J»*SHiPZT (Pb (Zr, Ti) 0 3 ) 
0>&JRBMfcJR&/a^£o 30 

[0035] i£fz, 112 (b) tc^i-J: 5(w, JiniftIK 
IB 3 _h^^/i tr^ y r tea® e t mffin.mm 1 1 %m 

6. ::r\ n^fLv- y v^oftn^ 

S i - 0^^-^WigilT^oTt)J:t\ 

n y y^yUt^ ^r^-^ri^> (Hydrogen Silsesquioxan 

e) , ^f/^t^drt^tV (Methyl Silsesquiox 

ane) , ^fj/KA'f Fn^yWHr^^^rt 

V (Methylated Hydrogen Silsesquioxane) &>£>^ N {3::7 40 

/^J*-f y K^HTJ^*^-**^ (Furuorinated 

Silsesquioxane) CO J; 5 JfeiftRtt^JB^j, 5 0 

[0036] err-. /<y 7*&^;i6 £ 

LTi*LfcJ: 5ftJilBlft»K3 i^**tt^*< *5 
[0 0 3 7 ] **Wtc*5*J6*SI6*R^JBUo«fi8;k:o 

mmmx-tbZo m3 (a) -era, T»s«5«s^tt* 50 
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ur»»«*jR7 3a^^;$tLSo fir, ^oii^ 
g7iii;/<D7teii6az)W^, ^co^yrfe 
mm 6 a±iaMS9TO§n5 a 

[0 0 3 8] B 3 (b) T2&^«5^3d{C 

7 £^y 7ifet§6 a^aiir^sn 

6. ^ir, r o/^ y 7fef S 6 a ilclSSS 9 

[0 0 3 9 ] JblEGOJ; 5 ftM I M«^O^r -V ^S^fc:*5 

[0 0 4 0 ] B 1 X-m.m bfcM I M^ttco^^r^^ 

y 71611 6 <^ ffiftMR 7 

stcoi/>r, (34 tm 5tcg<5^TtftK-r£o 
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"^^^04 (b) fc^-f 0 ftfe, jftK-f&^Wflc* 

[0 0 4 2] 14 (b) {c^tctjlc, ft^rti: 
4r»AU ft^^W^ff*^rl0 0 

j*^ r/u^V^co^Fffitt^^^rffl ^IT, TMA 

F^tC^A-T^o r COTMA^^CO^^/U^^tD^f^^ 

^*A-C, JiMilfe»JBS3*E*5«i:U«T«««5*ffi^T 

[0 0 4 3] r. ^T". TMAlD7^^^8*^fc 
T«tt«5^bTliH2 (a) C^T-m^ bfcJ; 9 

[0 0 4 4] 13 4 (b) (C^ti; 9 TMA# 

^y !)a^^^So 

[0 0 4 5] tLt, /«— ^xf^*ra»fur, ^{b^^ 
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J«r£:or^6o SI 5£i&A * a*^ ;* - $r - 

£ br^?& ( 2 5^) , 8 5t, 12 5t(C Lt^5o 

Hi o^b«5 X 5(c, tfofetoflHfirtt, SftJK**)!> 
-^«««iB0*aftlc^:#<ft#i-5o ao^ 

[0 0 6 7] ^2 oni^fffir*^, y r*6»Jl 3 4 
*iT*sa3 3*asfc««*ti6»*icoir^rHWLr 

« 1 o^»(7)»tt-CB 3 lc$<Jpr R5S Lfc(7> 
«*RBDisJ:t/Jbffl««^i«»«*JBIPIIlc^ft-rs«-& 

rt>> s*ii6»R*oy-^tt«co«a«tfe#ttii?«i«-r 

[0 0 6 8] J^_bco^ife«7)^^{c^ol>ri^. T3|5^@& 

s) t)L<I^OS^*)6Hi^!?^ (Re) , 6 
& (Pt) , ^S?** (Pd) , n^>0^ (Rh) £r 
fflV^tti^. Lj&>U MttALCVDStv^7 

*6*Ji*^fiS:-*-5»-&lc«:, _bl5u~*A, fi£, 

n^!?A«oAJl«^«ffi*cK3j?*>StM**S6 
lifcR»*-er*5< ifc4««i:Lttt, 
"Tfl/ (Ti) , * (Ta) . !> A (R 

u) , JViPpJ* (I r) MWt)J:t^ Mlctt, *S 

*c, 4lo«Htft, **ft»*M**3. 
[0 0 6 9] fcSl^l*, Ta«*fc£tM3±*IS*Bg£« 

ist^MK^tr, mm<7>&mm*mm^xm<<^xh 
[0070] *fc, ±ia«>ssK«>»tt'Ctt, '<yrifc» 

Jifc LrT^S-J-JR* S iONJRi«^TRSlt^ 

[0071] i/t, ±iEosgas<z>^i»ni, alcvd 
ttraiMt * > * frm&j&iA-t -6 tc o i/ n r b 

7t a : (D A L C V DS T»Ra$KT*) 5 Z«ft^ y 3 

A (Z r 0 2 ) , — 7 ^ i> (H f 0 2 ) . 

STO (SrTi0 3 ) BST ( (Ba, Sr) T 

i o 3 ) m&f&m-rzm&ia*. is (b) ioTity 

Zr«7^='7-K ^Fnyf <)A 

[0 0 7 2] JzCOiC0»MRott:K«*M:. — Kft^ 
y (z r o 2 ) -e*<ott:««*tt2 5, "Kft 

A7-f)A (Hf0 2 ) T30, STO (SrTiO 
3 ) It-1 00, BST ( (Ba, Sr) T i O3 ) § 
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5 0 ft*5, ^<7):^Oj#Jg^&te±i&L7tcfc 5 ft 2 0 0 
<t~3 5 0tT-J;^ o 

[0 0 7 3 ] £ti % _h*£L*:AL C VD^fJitBOcfc 5 
ftAJMfc««*rfiKRi- 6 £ , C o^JI^ffc^&M I M* 

6 0 ft*s, -<oj:5ftA«ttft:JBJ*»a<i0fc(Z>*fflaL 

[0074] 

t?tt, AASfbR^J: ?ftXVI**lt¥F«r«lcl6JRJK^ 

(C. fl^^'t^O^n^F owler Nordhei 
m (F-N) h^*VU«**#k6^tti£* 

*««fcftsift»««:^y rmmmt ttM^^So 

(ALCVD) fe-C«t5o 
[0 0 7 5] CtDfc^tC, WPJfll $£fett0{<a*l. 

»f^«a*«*tto/h$ fti«fD«w»*jfi|R«^S*^ 

[0 0 7 6 ] :<7)J;?i:Lr, MiMiig^^-Y/^>^ 
^»*LfcMftgfoft^tlcmSJ: 5Kft 

[■BaffiWftRH] 

[12] iEM I M*jS*^^^^to-«a*Lfc»rI 
[13] SU<Z>M I MMi&* is L,1ZWrm 
[04] **W(DS**6»JR^*JR*'»S:RW-rS3ta«> 
£ 0 
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[is] *&w<D®at&m^<Dj&m*m*mw-fztLito 

<n**'*is#mm&b&&#x<o%L^is*-trisx@~x?$ > 

[116] *&w<D$&2<Dmm<D&m&mm'r&fc#><nM 

I M«at* is* ©Sli8«o»IHT*)5. 
[0 7] ±IEM I M«iS^Y^v-^^MaftXS<D3R*4: 
^-T oir So 0 t? &> 5 o 
[08] **K«>a*«:RK-rSfc«)<z>^7 7T-*>5 0 

[09] *&m<vm2<Dmm<ni&mktttt,-tz>tifr<nfe 
[0io] ±iats*©M i M*a^t^^©8«6» 

[011] KOgiT-MLfcMIMil^rt^^^ 

[012] fe&<n&mT'<Dmm&mn'fz>f^z><n®&jm 
tp<Dv-?mffiv>mi£ «&««^«= ^t/7 7T^5 e 

1,21,101 v-y ^^Sis 
2 , 102 i&HkM 
20 3,103 mmmmm 

4, 2 9, 1 0 4 

5, 3 3, 1 0 5 TS&mfli 

6, 6 a, 3 4 s< V TfemM 

7,35 &mm.mm 

8, 106 ®ai&mm 

9 , 3 8, 1 0 7 _b95«« 

10, 11 
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